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Sir: 

It is requested that the U.S. national stage examination be carried out on the amended 
claims dated October 12, 2001 . Prior to computing the filing fee in this application, kindly 
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amended claims. 
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The present application is the U.S. national stage application of International 
Application PCT/EP00/09564, filed September 29, 2000, which international application 
was published on April 5, 2001 as International Publication WO 01/23790 Al. The 
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In the Claims: 

Claim 3 has been amended as follows: 

3 . Axial piston compressor according to Claim 1 , characterized in that the 
sliding ring (22) is provided with a groove (26) on its bearing surface that cooperates with 
the counter-ring (20). 

Claim 4 has been amended as follows: 

4. Axial piston compressor according to Claim 1, characterized in that the 
counter-ring (20) is provided with a groove. 

Add the following new claims: 

5. Axial piston compressor according to Claim 2, characterized in that the 
sliding ring (22) is provided with a groove (26) on its bearing surface that cooperates with 
the counter-ring (20). 

6. Axial piston compressor according to Claim 2, characterized in that the 
counter-ring (20) is provided with a groove. 
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Shaft seal, in particular for an axial piston compressor 



10 State of the art 

The invention relates to a subassembly consisting of a drive 
shaft, a housing with an aperture through which the drive shaft 
projects out of the housing, and an axial face seal comprising 

15 a sliding ring and a counter-ring, which creates a seal between 
the components drive shaft and housing. Expressed more 
generally, the invention relates to the sealing of shaft exit 
apertures by means of a seal consisting substantially of a 
sliding ring and a counter-ring against which the sliding ring 

20 is pressed in the axial direction of the shaft. The invention 
relates in particular to an axial piston compressor in which 
the housing is closed by a cover plate within which is disposed 
the exit aperture for the drive shaft as well as an axial face 
seal for the drive shaft. Such a compressor, with a subassembly 

25 of the kind described above, is known from the patent EP 0 864 



In the following the invention is described with reference to 
an exemplary application for an axial piston compressor such as 
can be used in particular in an air-conditioning unit for motor 
30 vehicles. However, as explained at the outset, the invention 

can be employed in general for machines that comprise an axial 
face seal. 
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An axial piston compressor in a vehicle air conditioner serves 
to suck in a coolant from a heat- trans fer compartment, in which 
it evaporates while taking up heat, and to raise its pressure 
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by compression, so that in another heat-transfer compartment 
the coolant can release the heat again at a higher temperature 
level. Subsequently the coolant enters an expansion organ, 
where it is returned to the pressure level of the first heat- 
transfer compartment. The function of such axial piston 
compressors in such a coolant cycle is generally known, so that 
it need not be explained further here. 



An especially important component of an axial piston compressor 
used in a vehicle air conditioner is the sealing element for 
the drive shaft. The shaft seal of an open compressor is of 
particular significance because leakages of the circulating 
coolant, in particular a coolant leakage through the the shaft 
seal, has a negative effect on the operating behaviour of the 
air conditioner by reducing the amount of coolant contained. 
Furthermore, it is prohibited to allow certain coolants to 
enter the atmosphere. 

As shaft seals in axial piston compressors employing the 
coolant R134a radial shaft sealing rings are customarily used, 
because in the presence of the pressure differences encountered 
there, against which the seal must operate, these rings provide 
sufficiently reliable sealing at low cost. Such a radial shaft 
sealing ring is in general inserted into a recess on the outer 
surface of the housing. 

Very recently it has become more common to employ the coolant 
C0 2 as a substitute for the coolant R134a, because C0 2 offers 
many advantages over R134a. However, the coolant C0 2 requires a 
higher pressure level than R134a, so that more technically 
demanding seals are needed. Therefore it is customary to use 
axial face seals, in which owing to the cooperation of sliding 
ring and counter-ring, which are pressed against one another, 
it is possible to obtain adequate sealing against the high 
pressure difference. The axial face seal, however, cannot be 
mounted on the outer surface of the housing, but rather must be 
disposed in the interior of the housing, for instance behind a 
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cover plate. Furthermore, the relative rotation between the 
sliding ring and the counter-ring generates so much frictional 
heat that a controlled dissipation of that heat seems 
desirable. However, in axial piston compressors for vehicle air 
5 conditioners no separate lubricant circulation is provided that 
could be used to carry away the frictional heat in the region 
of the sliding ring, nor does the mist of lubricant in the 
interior of the housing of the axial piston compressor suffice 
to dispose of the frictional heat produced. 

10 The objective of the invention is thus to provide a shaft seal 
that can be mounted simply and economically and that enables 
good dissipation of the frictional heat that is generated. 

Advantages of the invention 

In a subassembly in accordance with the invention, with the 

15 characteristics given in the characterizing part of Claim 1, 

because the counter-ring is no longer a separate part that must 
be inserted into the cover plate, less effort is required for 
installation. Because the counter-ring itself need no longer be 
so stable that it can be manipulated and mounted as a separate 

20 component, it can be made considerably less thick than 

conventional counter-rings, which for example must be pressed 
into a recess. The diminished thickness of the counter-ring 
offers two advantages. First, it reduces the length of the 
whole structure. Second, it improves the heat dissipation. That 

25 is, although such counter-rings are customarily made of 

material with extremely poor thermal conductivity, because the 
counter-ring is less thick it can adequately conduct heat away 
from the component into which it is integrated. The thermal 
conductivity is also improved in comparison with s tate-of - the- 

30 art constructions in that the counter-ring is now directly 

connected to the relevant component rather than being partially 
isolated therefrom, for instance by O-rings that must be 
pressed into place to serve as seals for the counter-ring 
according to the state of the art. 
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The above term "integrated" is used in the sense of this 
application firstly to designate a unit in which the counter- 
ring is non-removably connected to the component on which it is 
seated, and secondly to indicate that said component is so 
5 configured that the counter-ring is formed by a section of the 
component itself. 

According to one embodiment of the invention the counter-ring 
can be glued, welded or soldered to the component that supports 
it. By this means, with little effort the desired integral and 
10 gas-tight connection between counter-ring and supporting 
component is achieved. 

According to another embodiment the counter-ring is formed by a 
coating applied to the relevant component, for example by means 
of a CVD or PVD process. This allows the counter-ring to be 
made particularly thin, so that the axial length of the overall 
structure is very small. Another result is that the heat 
conduction from the counter-ring to the supporting component is 
optimized, because no insulating intermediate layers are 
present. Still another advantage is that a counter-ring can be 
obtained, the surface of which needs no further treatment. 

The coating is preferably a ceramic layer. A counter-ring so 
formed is especially resistant to wear and tear. After the 
ceramic coating has been applied, it is preferably treated 
mechanically so as to produce the desired low degree of surface 
25 roughness. 

The ceramic coating preferably consists of SiC. Tungsten 
carbide is also a suitable material. Then the sliding ring can 
be made of impregnated hard carbide, which has proved an 
advantageous pairing with respect to friction. With such a 
30 frictional pairing it is preferable for the material with the 
better thermal conductivity, in this case SiC (with a thermal 
conductivity of 125 W/mK) , to be used for the counter-ring, 
which then because it is integrated with the supporting 
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component conducts the frictional heat produced in the axial 
face seal better than would be the case for a configuration in 
which the impregnated hard carbide (with a thermal conductivity 
of 25 W/raK) was responsible for conducting heat away from the 
5 housing. 

According to a preferred embodiment of the invention the 
counter-ring is made in one piece with the housing, in which 
case the latter consists of aluminium or an aluminium alloy. 
Such a housing part can be especially well coated with a layer 
10 of tungsten carbide, because the temperature of the housing 
part during the coating process does not exceed 200°C. Layer 
thicknesses of 0.1 mm to 1 mm can be achieved. By mechanical 
finishing, for example polishing, a surface roughness Ra of 

0. 06 mm can be obtained. The hardness of such a layer is 75-80 
15 HRC. 

According to another embodiment of the invention it is provided 
that the counter-ring is an integral component of the housing, 

1. e. is produced by working the surface of the housing itself. 
A prerequisite is that the cover plate be made of a material 

20 suitable for creating a seal in cooperation with the sliding 

ring. The counter-ring is then formed by processing an annular 
region of the cover plate in such a way as to achieve the 
required smooth surface. 

According to the preferred embodiment of the invention, the 
25 sliding ring is provided with a groove on its bearing surface 
that cooperates with the counter-ring. This groove acts as an 
oil pocket. This interruption in the bearing surface of the 
sliding ring in effect produces two bearing surfaces one after 
the other, which increases the efficiency of the seal. 
30 Alternatively, the counter-ring could be provided with a 

groove. It is also possible to make the bearing surface of the 
counter-ring convex or concave, so as to allow for deformations 
under the action of heat. 
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An axial poston compressor in accordance with the invention as 
described in Claim 14 offers the advantage that it is possible 
for the frictional heat that is generated to be especially well 
transferred from the counter-ring directly into the housing of 
5 the compressor. This reduces the warming of the axial face 

seal, which results in less thermal and mechanical distortion 
and deformation. Furthermore, installation is simplified 
because the counter-ring does not need to be separately 
inserted into the cover plate. Here the term "cover plate" is 

10 understood to mean the part of the housing that is provided 
with the exit opening for the drive shaft; depending on the 
structural design and nature of mounting of the compressor, 
this part can also be the central part of the housing. 
Economical advantages are also obtained, because in comparison 

15 to the state of the art two parts are eliminated, namely the 

counter-ring as a separate component and the O-ring that would 
otherwise be needed as a seal for the counter-ring. If leakage 
should occur in the region of the axial face seal, a new 
counter-ring can be installed with little effort simply by 

20 exchanging the cover plate. 

Advantageous embodiments of the invention will be evident from 
the subordinate claims. 

Drawings 

In the following the invention is described with reference to 
25 the attached drawings, wherein 

- Figure 1 shows an axial piston compressor according to the 
state of the art, in a schematic sectional view; 

- Figure 2 shows on a larger scale a part of an axial piston 
compressor in accordance with the invention, corresponding to 

30 the region II in Figure 1. 
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Description of the exemplary embodiment 

In Figure 1 an axial piston compressor according to the state 
of the art is shown. It contains a housing 10 in which a drive 
shaft 12 is rotatably mounted. Seated on the drive shaft is a 
5 wobble plate 14 that cooperates with pistons 16. In Figure 1 
only a single piston is visible; in fact, a. many as seven 
pistons are provided, each of which is translationally 
displaceable within a cylinder. In the region where the drive 
shaft 12 emerges from the housing 10 there is disposed a cover 

10 plate 18 provided with an exit aperture 19 through which the 
drive shaft 12 passes out of the housing 10. Pressed into the 
cover plate is a counter-ring 20 with an O-ring 21. A sliding 
ring 22 makes contact with the counter-ring 20 and is pressed 
against the counter-ring by a spring 24. By this means an axial 

15 face seal is formed, which seals off the housing from the 
exterior space in the region of the exit aperture 19. 

In Figure 2 the configuration of the seal in the region where 
the drive shaft 12 passes through the cover plate is shown for 
an axial piston compressor in accordance with the invention. 
20 The counter-ring 20 is made integral with the cover plate 18, 
being formed by a thin layer of SiC. Apposed to the counter- 
ring 20 is the sliding ring 22, which can consist for example 
of impregnated hard carbide and is provided with a V-shaped 
groove 26 in its bearing surface. 

25 The embodiment in accordance with the invention also employs a 
spring 24, which presses the sliding ring 22 against the 
counter-ring 20. The sliding ring is disposed in the interior 
of a spring holder 28, which together with a capture plate 30 
ensures that a self-contained subassembly is formed. Between 

30 the sliding ring 22 and the drive shaft 12 an O-ring 32 is 

disposed; this ensures that the sliding ring 22 cannot rotate 
with respect to the drive shaft 12, so that rotation of the 
drive shaft causes a relative rotation between the sliding ring 
22 and the counter-ring 20. 
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It is in principle also possible to reverse the arrangement of 
sliding ring and counter-ring: the counter-ring could be 
constructed in one piece with the drive shaft, for example on a 
shoulder of the shaft, and the sliding ring could be disposed 
5 on the housing, with a force applied to press it against the 
counter-ring . 
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Claims 

1. Axial piston compressor, in particular C0 2 axial piston 
5 compressor, with a drive shaft (12), a housing (10) 

incorporating an exit aperture (19) through which the 
drive shaft projects out of the housing, and an axial face 
seal with sliding ring (22) and counter-ring (20) that 
produces a seal between the two components drive shaft 
10 (12) and housing (10), 

characterized in that the counter-ring (20) forms an 
integral part of the housing (10) . 



2. Axial piston compressor according to Claim 1, the housing 
(10) of which comprises a cover plate (18) that is 
15 provided with an exit aperture (19) for the drive shaft, 

characterized in that the counter-ring (20) is formed in 
one piece with the cover plate (18) . 



3. Axial piston compressor according to Claim 1 or 2, 
characterized in that the sliding ring (22) is provided 

20 with a groove (26) on its bearing surface that cooperates 

with the counter-ring (20) . 

4. - Axial piston compressor according to Claim 1 or 2, 

characterized in that the counter-ring (20) is provided 
with a groove. 
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ABSTRACT OF THE DISCLOSURE 
The invention relates to a subassembly, consisting of a drive shaft (12), a 
housing (10) with a through-bore (19), through which the drive shaft projects out of the 
housing and an axial mechanical seal consisting of a rotating seal ring (22) and a counter- 
5 ring (20) which forms a seal between the drive shaft (12) and housing (10) components. 
The invention aims to improve the assembly of the axial mechanical seal and the thermal 
dissipation from said mechanical seal. To this end, the counter-ring (20) is configured as 
one single piece with one of the two components (10, 12). This obviates a separate 
assembly of the counter-ring and allows the heat produced by friction to be dissipated 
10 directly into one of the two components. 
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□ Additional U.S. or PCT international application numbers are listed on a supplemental priority sheet attached hereto. 


As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and to transact 
all business in the Patent and Trademark Office connected therewith: 


Name 


Registration 
Number 


Name 


Registration 
Number 


Daniel D. Fetterley 
George H. Solveson 
Gary A. Essmann 
Thomas M. Wozny 
Michael E. Taken 
Joseph J. Jochman, Jr. 


20.323 
25.927 
29l376~ 
_2a.922_ 

" 25"058" 


Joseph D. Kubom 
William L. Falk 
Jeffrey S. Sokol 
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\ 




□ Additional attorney(s) and/or agent(s) named on a supplemental sheet attached hereto. 




ED Please direct all correspondence to: 


Name I Gary A. Essmann 




Address 


Andrus, Sceales, Starke & Sawall, LLP 




Address 


100 East Wisconsin Avenue, 


Suite1100 




City 


Milwaukee 


State I Wisconsin 


Zip 53202-4178 




jCountry 


United States 


Telephone | (414) 271-7590 


Fax | (414) 271-5770 




I hereDy"dedere4hat-aU-statements^ade^erefn^nfTy own knowledge ar 
and belief are believed to be true; and further that these statements 
statements and the like so made are punishable by fine or imprisonmer 
States Code and that such willful false statements may jeopardize the valic 


§lrue andlhat alf statements maUe on information 
were made with the knowledge that willful false 
t, or both, under §1001 of Title 18 of the United 
ity of the application or any patent issued thereon. 


Name of Sole or First Inventor: | □ A petition has been filed for this unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 


OTFRIED 


SCHWARZKOPF 


Signature | {^^t^^jcA^ 




Date 




RESIDENCE: City Magstadt\ 


| State 


^Country 


Germany 


Citizenship | German 


POST OFFICE ADDRESS M<niebisstrasse 18/1 fME_X 


City | Magstadt 


| State | 


Zip | D-71106 | Country | Germany 
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